Chicken is considered as one of the important cheap source of meat and eggs in Egypt. Indigenous breeds are characterized with their disease resistance, adaptation and protection against predators for their plumage (Padhi, 2016) . Previously, cross breeding between a native strain and foreign strain was made to produce Egyptian local strains of chicken, followed by selection for different traits on some crosses (Kosba and ElHalim, 2008) . Molecular genetics selection is a favorable method to improve the economic important traits in chickens especially meat quality and carcass quality (Zhou et al., 2005) . Consequently, health related problems such as obesity, sudden death, immunosuppression and leg problems are occured (Kadlec et al., 2011) . Genetic polymorphism that causes genetic diversity can be used to determine the degree of similarities or differences between and within breeds for genetic improvement of farm animals (Jafari et al., 2015) .
Circulating growth hormone (GH) is a polypeptide hormone that synthesized and secreted by the pituitary gland and affects the growth traits in broiler production such as growth rate, body weight maturation, metabolism rates, egg production, reproduction, appetite control and aging (Anthony et al., 1990; Shaw et al., 1991; Feng et al., 1997) . Chicken growth hormone (cGH) gene contains 4,101 base pairs having five exons and four introns with large size of introns differing in this consideration from similar mammalian gene (Kansaku et al., 2008; Su et al., 2014) . This gene encodes 191 amino acid residues mature growth hormone protein addition to a 25 amino acid signal peptide (Hrabia et al., 2008; Nie et al., 2005) .
New approaches such as restriction fragment length polymorphism (RFLP) technique and sequencing of DNA were carried out for detecting the polymorphisms of cGH gene, where previous studies using (RFLP) showed that cGH gene is highly polymorphic in the intron region (Yan et al., 2003; Enayati and Rahimi-Mianji, 2009; Fotouhi et al., 1993) . Most of diversities in GH gene are single nucleotide polymorphism (SNP) originating from substitution, deletion or insertion of a single nucleotide (Nie et al., 2005) . Studies showed that a single SNP of chicken can influence the performance traits (Huang et al. 1993) . Nie et al., 2005 detected T3094C and T3199C mutations in intron 4 of GH gene and MspI-RFLP (the SNP location was based on accession no. AY461843 and associated quantitative trait loci (QTL) with SNPs in domestic animals.
In the present work, RFLP assay and DNA sequence analysis were performed to examine different genotypes and screen the SNP polymorphisms in intron 4 of GH2 and GH3 loci of cGH gene and to investigate their associations with the growth and production traits of the Egyptian Local chicken breed using 84 samples from different four strains from Dokki-4, Inshas, El-Salam and Mandarah.
MATERIAL AND METHODS
Total of 84 samples of four local Egyptian chicken strains (Mandarah, Inshas, El-Salam and Dokki-4) were used randomly from each strains of mixed sex as 21 chickens from Mandarah, 24 chickens from Inshas, 20 chickens from El-Salam and 19 chickens from Dokki-4 in order to studying Genetic polymorphism in cGH gene intron 4.
Blood sampling and DNA extraction
Blood samples were collected in tubes containing EDTA as anticoagulant and transported to the laboratory under cooled conditions. DNA was extracted and purified from blood samples using the whole blood salting out technique described by Miller et al. (1988) . DNA concentration and purity was determined using UV spectrophotometer at optical density of 260 and 280 nm.
Polymerase chain reactions (PCR)
PCR amplification was performed using specific primer that was designed on the basis of DNA sequence of the cGH gene accession no. AY461843 (Nie et al., 2005) . The designed GH forward primer was GCACTGAGGGACGTGGTTAT and reverse primer was GGCCT CTGGAATCATGGAACC.
Amplification reaction was carried out in a 25 µL volume containing 100 ng genomic DNA, forward and reverse primer of GH gene (both at concentration 10 pmol/µL), 1U Taq polymerase, 2.5 µL Taq polymerase buffer, 200 µM dNTPs. PCR amplification program for cGH gene was performed under cycling conditions of 96°C for 3 min, followed by 35 cycles of 95°C for 15 sec, 60°C for 30-60 sec. and 72°C for 30 sec terminated with elongation at 72°C for 5 min. PCR product was stored at 15°C. The success of amplified PCR product was tested on 2% agarose gel electrophoresis stained with ethidium bromide. The bands were visualized under UV light and the gels were photographed using gel documentation system (Bio-Rad, USA). DNA fragments sizes were estimated by their comparison with 100 bp standard molecular size marker of expected product size of approximately 563 bp.
Restriction Fragment Length Polymorphism (RFLP)
The PCR products were digested using restriction enzyme MspI (Fermentas, Germany) to screen SNPs at T3094C (intron 4, MspI) and C3199T (intron 4, MspI) loci in cGH gene. Ten µL from the PCR products were digested with 5 units of the fast restriction enzyme including specific buffer (Fermentas, Germany) in a final reaction volume of 15 µL. The reaction mixture was incubated at 37 °C in water bath for 30 minutes. The obtained restricted fragments were visualized on 2% agarose gel electrophoresis stained with ethidium bromide. The bands were photographed using digital gel documentation system (BioRad, USA). Genotype and Allele frequencies were determined using free Lab. Image V2.7 software. It is dispersed free from Proland company (Germany) through the web site: http://www.labimaging.com/servlet/ engine/home/ start.html.
Sequencing analysis and single nucleotide polymorphism
The PCR products, representatives for each detected genotype of cGH gene in different chicken population were purified and sequenced by Macrogen Incorporation (Seoul, Korea). Sequence analysis and alignment of sequence products were carried out using NCBI/BLAST/ blastn and BioEdit software in comparison with GenBank Accession numbers to identify single nucleotide substitutions between different detected genotypes.
RESULTS
In the present study, the genetic polymorphisms of intron 4 of cGH gene at two loci GH2 and GH3 were detected in four Egyptian local chicken strains from Dokki-4, Inshas, El-Salam and Mandarah. The single SNPs detection was done by applying two methods, the restriction fragment length polymorphism for the polymerase chain reaction products (PCR-RFLPs) and sequencing of the resulted product.
Genotyping analysis using PCR-RFLP assay
The PCR amplified products of cGH gene of intron 4 for locus GH2 and locus GH3 produced 563 bp fragment length in 84 individuals of four different chicken breeds (Fig. 1a) . These PCR amplified fragments (563 bp) were digested with MspI endonuclease (Fig. 1b) Table 2) . El-Salam population showed the highest allelic frequency of T Allele (0.94) and lowest allelic frequency of C Allele (0.06).
Genotyping analysis using Single nucleotide polymorphism (SNPs)
MspI-RFLP in intron 4 had T3094C (locus GH2) and C3199T (locus GH3) mutations. The SNP location was based on the published cGH gene sequence GenBank accession no. AY461843. The sequence analysis of the purified and sequenced PCR product of detected two homozygous genotypes TT and CC and heterozygous genotype TC that produced by RFLP-PCR technique for locus GH2 revealed nucleotide substitutions at nucleotide position 3094 corresponding to (252) in our sequences of intron 4 (T/C). Position 206 reflected the homozygous genotype CC, where restriction site of MspI (CCGG) was recognized (Fig. 1c) . The graphical figure 2 illustrated two different Alleles C and T and overlapping between two Alleles C and T and their detailed sequences. The sequence analysis of the purified PCR product for locus GH3 revealed nucleotide substitutions at nucleotide position 3199 on a par with (357) in our results of intron 4 (C/T), two Alleles C and T were observed, three genotypes were demonstrated homozygous genotype TT and CC and heterozygous genotype TC. The sequences of detected SNPs of cGH gene in 
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Screening of whole cGH gene intron 4 sequences for four studied chicken strains was examined to look for other SNP polymorphisms (Fig. 3) . Our analyzed data was compared with Genbank entries of Gallus gallus Dokki-4 strain GH gene (KF957977), El-Salam strain (KF957978), Hubbard strain (KF957979), Inshas strain (KF957980) and Mandarah strain (KF957981).
Comparison of chicken growth hormone sequence with that of five different chicken breeds revealed a total of twelve nucleotide variations including eleven transitions (five A/G and six C/T mutations) and one transversion (G/C mutation). One of the variations at position G358C was polymorphic in El-Salam, whereas C-T mutations were found to be silent mutation without any change in the amino acids.
DISCUSSION
Recently, Chicken polymorphic growth hormone gene has vastly studied in various animals. Especially the intron regions that are highly polymorphic and has numerous SNPs, which associated with diverse traits such as meat yield traits, abdominal fat, egg production, linked to body weight and carcass in domestic fowls (Lei et al., 2007; Zhang et al., 2007; Xu et al., 2011) . Introns might play a decisive role in the regulation of GH gene expression because of the identification of regulatory elements in intron part of GH gene (Nie et al., 2002) . In the present work, SNP was detected in cGH gene and analyzed their association with economic traits in Egyptian four crossing chicken strains, wherever RFLP showed association between these polymorphisms and abdominal fat, egg production, resistance to Marek's disease or avian leucosis and meat yield traits (Su et al., 2014) . Appearance of transition mutation at T3094C and C3199T nucleotides in intron 4, which can be clarified by digestion with MspI restriction enzyme and confirmed by sequencing, are matched with presence of MspI polymorphism in the fourth intron cGH gene of White Plymouth Rock, Poltava Clay, Rhode Island Red, and Borkovskaya Barvistaya chicken breeds (Kulibaba et al., 2015) and eight restriction site that identified in intron 4 of 20 Chinese native chicken populations (Nie et al., 2002) . Su et al. (2014) reported that T3094C was associated with egg production traits. Inshas, Mandarah and Dokki-4 are known to be egg type commercial strains that may correlate with T3094C mutation as a result of cross breeding. In contrast to El-Salam strain that is characterized with meat production, moreover there is no evidence that C3199T correlates with meat or egg production.
Alleles T and C can be classified as polymorphic Alleles where their allelic frequency less than 1.00 (Nei, 1987) , which means that cGH gene in MspI locus was polymorphic. Allele T is predominantly, which is consistent with Makhsous et al. (2013) and Nie et al. (2002) , who proved the domination of T allele in Iran and China local chicken populations and resistance allele was dominant for early sexual maturity, while susceptibility allele was dominant for low rate of egg production (Shahnaz et al., 2008) . Prevalence of homozygosity against heterozygosity, which was lower than 0.5 in two mutation sites of studied Egyptian chicken might be influenced by some factors such as genetic drift, number of individuals in population, number of allele and allele frequency (Allendorf and Luikart 2007) .
Absence of genotype CC in Dokki-4 at locus GH2 and El-Salam at locus GH3 and increase the frequency of genotype TT in four strains than TC and CC is a good sign for raising breast muscle and decreasing abdominal fat as mentioned by Mu'in and Lumatauw (2013) at the MspI locus. In contrary, two MspI polymorphisms in chicken GH gene have a significant association with abdominal fat rate and breast muscle (Fotouhi et al., 1993; Bingxue et al., 2003) . El-Salam strain showed higher genotyping frequency for TT genotype and lower frequencies for TC and CC genotype at both GH2 and GH3 loci of cGH gene that may lead to be preferred strain in meat production. We suggest that GH may regulate breast muscle's development through a concluded mechanism by (Vasilatos Younken et al., 2000) , who proved that growth hormone regulates the skeleton muscle development by affecting the proliferation and differentiation of muscle cells.
Appearance of new SNPs in intron 4 that is not correlated to MspI sites at El-Salam or Dokki-4 may confirm that they are the most chosen Egyptian strains for high productive and reproductive traits standing on their genotyping frequencies. Beside other discovered SNPs that found in Genbank entries between Dokki-4 and ElSalam and Dokki-4 and Mandarah may also influence meat and egg production and reflect the high polymorphic intron part of GH gene. These SNPs still need more investigations to explore and confirm its relation with commercial required traits in chicken because of identification of f4e organism influencing the intensity of the desirable traits (Kulibaba et al., 2015) . For this reason GH could be a genetic locus or linked to a major gene significantly affecting growth and carcass traits in chicken, and the results are also helpful to markerassisted selection in chickens breeding programs (Bingxue et al., 2003) .
In conclusion, Two SNP locations in chicken GH gene at intron 4 were identified in the present study beside other new SNPs. These single nucleotide polymorphisms could serve as useful markers for association studies for growth related traits, since there are indications that there are allelic and genotyping frequency differences among selected Egyptian chicken populations that directed the attention toward El-Salam and Dokki-4 as the most productive strains.
